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doi:10.1016/j.jds.2012.03.010Abstract Background/purpose: Surgical predictions for skeletal Class III patients have been
reported to be the least accurate. Additionally, female patients tend to focus more on improving
their facial esthetics. Therefore, this study was aimed at assessing the prediction accuracy of
photocephalometry for skeletal Class III adult female patients treated with two-jaw surgery.
Materials and methods: A photocephalometric investigation was undertaken to assess the
prediction accuracy in a sample of 16 skeletal Class III female patients requiring bimaxillary
orthognathic surgery. Tracings of cephalograms and one-to-one predicted photographs were
carried out. Selected landmarks were digitized with a user-defined computer program. The
prediction accuracy of the facial profile was estimated by evaluating discrepancies in landmark
positions between post-surgical cephalograms and pre-planning photographs.
Results: Predictions were generally accurate for all horizontal landmark variables and also for
the upper lip in the vertical direction. Inaccuracies tended to occur in the vertical direction of
the nasal base and lower lip. Mean differences in the predicted nasal base ranged from 1.00e
1.06 mm inferior to the actual position. In the lower lip, predictions tended to place the position
as more superior, and mean discrepancies were 1.38 mm (for the lower stomion), 2.38 mm (lab-
rale inferius), and 2.06 mm (inferior labial sulcus).
Conclusions: In this study predictions were generally accurate in skeletal Class III adult female
patients treated with two-jaw surgery. Compared to surgical outcomes, the predictions tended
to locate the nasal base more inferior and the lower lip in a more superior position. Predictionodontic Clinic, 93 Sintian Road, Sinsing District, Kaohsiung 80044, Taiwan.
il.com (S.-S. Lin).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
138 S.-S. Lin et alinaccuracies and large individual variations found in this report were associated with difficulties
in manual photographic manipulation and weak correlations in the vertical direction between
the hard tissues and their corresponding soft tissues.
Copyrightª 2012, Association for Dental Sciences of the Republic of China. Published by Elsevier
Taiwan LLC. All rights reserved.Introduction
The facial profile produced by orthognathic surgery is very
important for patients, owing to the importance of facial
attractiveness in interpersonal relationships.1 Previous
investigations have revealed that the primary motivation of
orthognathic patients seeking surgical treatment was to
improve their esthetics or chewing function.1e3 More
female patients were reported to focus on esthetic desires,
while male patients tended to emphasize functional
needs.2 Furthermore, Ostler and Kiyak have demonstrated
that the motive of “improving the facial profile” of patients
was the least often fulfilled.4 Orthodontic treatment
produces gradual changes in facial features, but orthog-
nathic surgery results in sudden and dramatic alterations.
Therefore, profile prediction is very useful in providing
patients with information regarding preoperative prepara-
tions and perceptions of post-surgical outcomes.5,6
A number of prediction methods are described, including
manualmethods,5,6 computerizedcephalometricmethods,6,7
video-imaging predictions,6,8e11 and three-dimensional
computerized predictions.12,13 Manual methods suffer from
several disadvantages, such as being time-consuming in
accurately performing the prediction, and requiring artistic
skill and complicated manipulation of facial-profile
changes.6,7,14 The advantages of computerized predictions
and video imaging are efficient prediction, minimal
measurement errors, and less reliance on artistic skill.6,7,15
Furthermore, video imaging can be designed to superimpose
radiographic images with videos images, and automatically
generate profile changes by simulated treatment.8e10
Computerized cephalometric prediction and video-imaging
programs have been investigated in terms of their role as
communication tools and for their prediction accu-
racy.10,16e22 Nevertheless, it has been shown that imaging
software may require programming modifications to improve
the prediction accuracy.21
Among manual methods for surgical prediction, the
photocephalometric method proposed by Henderson
requires minimal equipment to utilize photographic images
for prediction.5 The Henderson method allows an analysis
of cephalometric data and visualization of the profile image
on photographs. However, it suffers from most of the
disadvantages of manual methods, such as being time-
consuming to plan accurately; requiring memorization of
complicated details of the ratios of soft- to hard-tissue
changes and artistic skill.6,7,14 Cephalometric data need
to be transferred onto one-to-one pre-surgical photo-
graphs. Photographic manipulation by arranging multiple
segments to form the desired outcome requires sophisti-
cated skill and experience. In addition, magnification
discrepancies and superimposition errors between cepha-
lograms and photographs can need to be corrected.23,24Despite the existing drawbacks, the image predicted by
the photocephalometric method has been reported to be
informative for orthognathic patients.7 Nevertheless, its
accuracy for orthognathic planning has not been thoroughly
assessed. In addition, female patients tend to focus on
improving their facial esthetics. Therefore, this study was
aimed at investigating the accuracy of Henderson’s photo-
cephalometric method5 in predicting the facial profile of
skeletal Class III adult female patients treated with two-jaw
surgery. Meanwhile, discrepancies in the facial profile
between pre-planning photographs and pre-surgical cepha-
lograms were also evaluated. Factors influencing the accu-
racy of surgical predictions were also addressed in this study.
Materials and methods
Patients
A sample of 16 skeletal Class III adult female patients
requiring bimaxillary surgery was selected. Their mean age
was 24.3 8.4 years (range 18.0e46.0; median 19.4). The
criteria for case selection were as follows: (1) patients
presenting with a concave facial profile and Class III
malocclusion, with a negative overjet, and a reduced ANB
angle (of < 1), (2) treatment modality of a maxillary
LeFort I advancement osteotomy and mandibular setback
osteotomy, with either a bilateral sagittal split or vertical
ramus osteotomy, and (3) compliance of the surgical
treatment with the predicted plan. Patients with the
following conditions were excluded: (1) additional surgical
procedures such as infraorbital augmentation, rhinoplasty,
and genioplasty, (2) obvious maxillary canting or notable
mandibular asymmetry, or (3) post-traumatic deformity,
congenital facial deformity, or cleft lip and palate.
Materials
The materials used for investigation included: (1) stan-
dardized pre-surgical lateral cephalograms (ceph-1) with
pin-marking on sella and nasion taken after completion of
pre-surgical orthodontic treatment, (2) post-surgical lateral
cephalograms (ceph-2) taken 3e6 months after surgery, (3)
pre-planned one-to-one transparent lateral photographs
(photo-1) taken at the same time as ceph-1, and (4) pre-
dicted photographs (photo-2) with the intact predicted
profile.
Photocephalometric method of surgical prediction
(Henderson’s method)5
Transparent positive one-to-one photographs (photo-1) cor-
responding to lateral cephalograms were utilized. Using the
Figure 1 The 51 landmarks selected in this study. Defined
and anatomical points were marked, including reference
nasion (RN) and reference sella (RS). Intermediate points
represent bi-section, tri-section or quadri-section of the soft
tissue outline between two adjacent labeled landmarks.
Prediction accuracy of photocephalometry 139calibrator scale on the cephalograms, the photographic prints
were adjusted to a size identical to the pre-surgical cepha-
lograms (ceph-1) to produce an optimal fit of the facial
outline. For the prediction, a cephalometric analysis was first
performed,and thedesiredamounts ofhard-tissuemovement
were calculated. The corresponding soft-tissue movements
were subsequently designed according to the ratios listed in
Appendix 1.25 Selected cephalometric landmarks of skeletal
and dental structures were registered by marking pins on the
cephalograms. The pre-planning photographs were then
superimposed precisely on the cephalograms according to the
best-fitting facial profiles. The relative positions of the
marking-pin holes of landmarks on the cephalograms were
subsequently recorded on the photographs.
Details of the cephalometric analysis and the desired
hard-tissue movements were transferred onto the trans-
parent print for planning. The occlusal features of the
incisor relationship and buccal interdigitation on the
photographs were set up according to those of the study
model. Predicted positions of soft-tissue landmarks were
labeled on the underside of the acetate paper. Predicted
areas in this sample of Class III patients were divided into
four segments: (1) the nasal base, (2) upper lip, (3) lower
lip, and (4) chin, since their ratios of soft- to hard-tissue
movements differed (Appendix 1). These segments were
cut, detached, and rearranged in the planned position by
fitting the soft-tissue landmarks with the predetermined
locations. The facial outline of the planned photograph had
to be adjusted so that it was intact.Table 1 Abbreviations of selected landmarks25 for
assessment of soft tissue profile.
Abbreviation Definition
GS Soft tissue glabella
NS Soft tissue nasion
MNS Soft tissue mid-nose
PRN Soft tissue pronasale
Point 11 Soft tissue mid-point over columella
SBN Subnasale
SLS Superior labial sulcus
LS Labrale superius
UST Upper stomion
LST Lower stomion
LI Labrale inferius
ILS Inferior labial sulcus
PGS Soft tissue pogonion
MES Soft tissue mentonAssessment of the prediction accuracy
There were 51 landmarks chosen for the cephalometric
radiographs and, of those, 35 points for photographs were
selected for digitization.23,25 These included 31 points on the
soft-tissue profile, marked sella, nasion, reference-nasion
(RN), reference-sella (RS), and 16 other landmarks on the
dentoskeletal structure (Fig. 1). Definitions of the 51 land-
marks are given in Appendix 2.25 Among 31 points on the soft-
tissue profile, 23 landmarks were set up from the nasal tip to
the chin. This was done to present graphically a reasonable
profile outline. The marked sella and nasion, and two con-
structed landmarks (RN and RS) were utilized to establish
horizontal and vertical reference lines (Fig. 1). The 16
landmarks on the dentoskeletal structure were only marked
on the cephalograms. The selected landmarks of the soft-
tissue profile for assessment in this study are listed in Table 1.
Tracings for assessing the prediction accuracy were
conducted on acetates for all cephalograms and photo-
graphs. All digitizations were performed with a backlit
GTCO 15 digitizer (GTCO CalComp, Inc., Scottsdale, Ari-
zona, USA) interfaced with an IBM PC AT computer, which
was utilized to run a digitization software package (PCDIG,
Karolinska Institute, Stockholm, Sweden).26 The horizontal
reference line (NeRN) was constructed 7 inferior to the
sella-nasion line.27 A vertical reference line, modified from
Jensen et al.,28 was computed by PCDIG at a right angle to
it through RS, which was horizontally 50 mm distal to sella.
Two reference parameters were defined as the horizontal
reference angle (HRA) and distance from sella to reference-
sella (SeRS).Statistical methods
All data were transferred into Microsoft Excel 2007
(Microsoft, Redmond, WA, USA). Means and standard devi-
ations of the chosen linear and angular measurements were
calculated. Two reference parameters, HRA and SeRS,
were assessed using an analysis of variance (ANOVA) to
detect statistical differences among samples. The linear
parameters regarding the accuracy of photographic dupli-
cation (ceph-1 vs. photo-1) and planning prediction (ceph-2
vs. photo-2) were assessed by a two-tailed paired t-test.
The surgical outcome was evaluated with the same statis-
tical method by comparing skeletal and dental parameters
Figure 2 Superimposition of ceph-1 (blue) and photo-1 (red )
indicated the duplication accuracy of pre-planned photo-
graphs. The significant difference in landmark NS was caused
by the dissimilarity between photographs and cephalograms.
140 S.-S. Lin et albetween the ceph-1 and ceph-2 groups. Meanwhile, two-
dimensional positions of soft-tissue landmarks in the
photographic duplication and planning prediction were
analyzed with Hotelling T-square test.29
Error of the method
Standardized tracings of cephalograms and photographs of
13 randomly selected patients were replicated some
months after the original tracing. This was to establish
systematic and random errors of the method.30 The null
hypothesis as tested showed no difference between the
first and second measurements. The intra-class correlation
of all parameters was greater than 0.90, with the exception
of five variables of the cephalogram group and four of the
photograph group. Nevertheless, values of these nine
variables were not less than 0.67. The error of digitization
was computed as not greater than 0.3 mm between the
replicated digitizations of each individual landmark. The
reference parameters (HRA and SeSR) compared among
the four groups revealed reliable reproducibility of the
reference lines (ANOVA, PZ 0.628 and 0.399, respec-
tively). No statistical difference was found among the
cephalogram and photograph groups. All measurements
from the reference lines were considered comparable.
The accuracy of the photographic duplication (Table 2,
Fig. 2) was also verified. No statistical difference was
demonstrated in either the horizontal or vertical parame-
ters, apart from the horizontal NS (1.62 1.73 mm;
P< 0.01) and vertical SLS (0.50 0.79 mm; P< 0.05). The
two-dimensional assessment also revealed the mean
distinction in NS (P< 0.05). The difference in NS actually
resulted from a masking effect by the nasion rest or
compression by the forehead positioner of the craniostat
when the cephalograms were taken. This did not influence
the predicted outcome since the change was not surgically
relevant. The discrepancy in the vertical SLS approached
marginal significance (P< 0.05); however, the value of the
mean difference was only 0.50 0.79 mm. This difference
was clinically non-significant. The Hotelling T-square test
also confirmed this interpretation (PZ 0.089).
Results
Surgical outcomes
Surgical outcomes are numerically and graphically shown in
Table 3 and Fig. 3, respectively. All horizontal and verticalTable 2 Landmarks showing the discrepancy in terms of duplic
Variable ceph-1 mean (S.D.) I photo-1 mean (S.D.
NS HL 124.19 (4.55) 125.81 (4.25)
SLS VL 58.69 (4.98) 58.19 (5.01)
Variable Hotelling T-square test P
NS 0.012*
* P< 0.05, ** P< 0.01. HLZ horizontal distance of the landmark to the
the horizontal reference line.distances were measured to the corresponding reference
lines. The angular skeletal parameters (SNA, SNB, and ANB)
demonstrated significant changes after surgery. The mean
increase in SNA was 3.80 ( 2.54), and SNB decreased by
2.99 ( 2.33). These contributed to the positive mean
correction in ANB of 6.79 ( 2.57). As to the horizontal
position of the maxilla and mandible, the pre-surgical mean
distances of point A and pogonion to the nasion-
perpendicular line (Nperp) were 2.81 mm and 4.44 mm,
respectively. Mean improvements in surgical corrections
were 4.06 mm forward in point A and 6.07 mm backward in
pogonion.
Three parameters (SNeMXPL, FMPA, and MMPA) for
assessing vertical characteristics of the maxilla and
mandible did not demonstrate obvious changes after
surgery. Changes in the mean values were 1.49, 1.53, and
0.58, respectively. Nevertheless, the ratio of facial heightsation inaccuracy of photographs (nZ 16).
) II Mean difference I-II mean (S.D.) III P
1.62 (1.73) 0.002**
0.50 (0.79) 0.027*
Variable Hotelling T-square test P
SLS 0.089
vertical reference line; VLZ vertical distance of the landmark to
Table 3 Surgical outcome evaluated by skeletal and dental parameters (nZ 16).
Variable ceph-1 mean (S.D.) I ceph-2 mean (S.D.) II Mean difference II e I mean (S.D.) III P
SNA () 78.31 (5.44) 82.11 (4.55) 3.80 (2.54) 0.000***
SNB () 82.14 (4.18) 79.15 (3.96) 2.99 (2.33) 0.000***
ANB () 3.83 (3.41) 2.96 (2.20) 6.79 (2.57) 0.000***
Point AeNperp (mm) 2.81 (6.10) 1.25 (4.65) 4.06 (2.93) 0.000***
PogeNperp (mm) 4.44 (8.97) 1.63 (0.63) 6.07 (5.47) 0.000***
SNeMXPL () 8.24 (4.01) 9.73 (6.13) 1.49 (3.67) 0.137
FMPA () 30.66 (6.94) 32.19 (4.48) 1.53 (3.46) 0.096
MMPA () 30.86 (6.27) 31.44 (5.59) 0.58 (4.63) 0.634
LFH (mm) 74.81 (7.59) 70.38 (5.55) 4.43 (4.60) 0.001**
THF (mm) 129.13 (9.02) 125.24 (6.94) 3.89 (3.57) 0.000***
LFH/TFH (%) 57.84 (2.55) 56.18 (2.91) 1.66 (2.41) 0.015*
UleFHPL () 108.34 (7.79) 109.13 (6.11) 0.79 (4.73) 0.529
UleLl () 138.43 (10.39) 136.81 (9.16) 1.62 (6.11) 0.322
LleMDPL () 83.21 (6.43) 81.88 (5.53) 1.33 (4.39) 0.259
U1E HL (mm) 116.19 (8.64) 120.44 (8.42) 4.25 (3.38) 0.000***
L1E HL (mm) 122.31 (8.90) 117.56 (8.46) 4.75 (3.67) 0.000***
L1E VL (mm) 77.88 (6.79) 74.13 (4.13) 3.75 (3.78) 0.0016**
*** P< 0.001, ** P< 0.01, * P< 0.05.
Figure 3 The superimposition of the mean plots of ceph-1
(red), ceph-2 (blue) and photo-2 (green) shows the mean
changes among the skeletal features, facial profile and
prediction outcome. The postoperative maxilla moved hori-
zontally without much vertical change. In the mandible, both
horizontal and vertical changes were significant. The predicted
profile presented a paralleling pattern with the post-surgical
profile. Prediction tended to place the nasal base further
inferior and locate the lower lip superior to the actual position.
Prediction accuracy of photocephalometry 141(LFH/TFH) showed a significant reduction. The main alter-
ation occurred in the lower facial height, the mean of
which decreased by 4.43 mm. Post-surgical angulations of
the maxillary and mandibular incisors revealed no distinct
changes. However, horizontal linear measurements of the
incisal edge demonstrated significant changes (U1E,
4.25 mm; L1E, 4.75 mm). But the vertical alteration of
the incisor was only notable in L1E by 3.75 mm (Fig. 3).
Prediction accuracy
Linear assessments of the prediction accuracy are given in
Tables 4 and 5, which contain horizontal and vertical
changes, respectively. Superimposition of the mean plots of
the prediction profile, and pre-surgical and post-surgical
facial outlines is also demonstrated (Fig. 3). Apart from
NS, no difference was present between GS and MNS.
Differences in either the horizontal or vertical positions of
landmarks above the mid-nose were not expected to be
notable between the ceph-2 and photo-2 groups since
inaccurate superimposition or imaging discrepancies did
not occur.
The planning prediction of the horizontal parameters
revealed no significant differences between the ceph-2 and
photo-2 groups. The predictions corresponded to surgical
outcomes in horizontal features over the lower third of the
face and nasal base (Fig. 3, Table 4). Similar to findings on
the pre-planning photographs, the mean horizontal change
in NS presented a significant difference. This was probably
caused by dissimilarities between the photographs and
cephalograms rather than an inaccurate superimposition,
since neither GS nor MNS exhibited notable discrepancies.
Mean horizontal discrepancies of predicted landmarks were
all within 0.7 mm, except for UST, LST, ILS, PGS, and MES,
which ranged from 1.50e1.81 mm. Meanwhile, significant
differences in vertical parameters were found for Point-11,
SBN, LST, LI, and ILS. The predicted Point 11 and SBN
Table 4 Accuracy of prediction on soft tissue horizontal parameters (nZ 16).
Variable ceph-2 mean (S.D.) I photo-2 mean (S.D.) II Mean difference I e II mean (S.D.) III P
GS HL 128.50 (4.73) 128.88 (4.33) 0.38 (1.05) 0.188
NS HL 123.88 (4.53) 126.25 (4.23) 2.37 (1.58) 0.000***
MNS HL 139.63 (4.91) 140.19 (4.97) 0.56 (1.12) 0.069
PRN HL 149.13 (6.35) 149.69 (6.37) 0.56 (1.41) 0.144
Point 11 HL 140.06 (6.16) 140.25 (6.18) 0.19 (1.84) 0.699
SBN HL 134.44 (6.01) 134.31 (6.33) 0.13 (2.09) 0.819
SLS HL 132.75 (6.89) 132.25 (6.54) 0.50 (3.04) 0.534
LS HL 134.50 (7.72) 134.63 (7.50) 0.13 (3.58) 0.891
UST HL 127.31 (8.41) 128.81 (8.46) 1.50 (4.61) 0.227
LST HL 127.38 (8.52) 128.88 (8.62) 1.50 (4.81) 0.246
LI HL 131.50 (8.60) 132.19 (8.41) 0.69 (4.28) 0.543
ILS HL 123.19 (9.07) 124.69 (9.28) 1.50 (4.95) 0.259
PGS HL 124.38 (10.31) 126.13 (10.28) 1.75 (6.43) 0.308
MES HL 107.19 (9.30) 109.00 (9.47) 1.81 (7.53) 0.366
*** P< 0.001.
HLZ horizontal distance of the landmark to the vertical reference line.
142 S.-S. Lin et altended to be placed more inferior to their real locations by
1.00 mm and 1.06 mm, respectively. The planned LST, LI,
and ILS were located more superior to their real locations
by 1.38 mm, 2.38 mm, and 2.06 mm, respectively.
The two-dimensional assessment by Hotelling T-square
test revealed that landmarks displaying significant
discrepancies from the prediction were the same as those
with vertical differences between the ceph-2 and photo-2
groups (Table 6). Mean differences in the horizontal and
vertical directions were paired and simultaneously assessed
as data vectors. Two-dimensional discrepancies were
demonstrated by: Point 11 (PZ 0.0099), SBN (PZ 0.0316),
LST (PZ 0.0221), LI (PZ 0.0074), and ILS (PZ 0.0187).
Compared to the one-dimensional result, significant
differences in landmark positions in the two-dimensionalTable 5 Accuracy of prediction on soft tissue vertical paramet
Variable ceph-2 mean (S.D.) I photo-2 mean (S.D.
GS VL 21.94 (3.13) 22.00 (3.16)
NS VL 5.56 (3.44) 5.69 (3.28)
MNS VL 21.94 (3.79) 22.75 (3.51)
PRN VL 40.50 (5.30) 41.50 (5.44)
Point 11 VL 48.44 (4.94) 49.44 (4.91)
SBN VL 50.94 (4.78) 52.00 (4.55)
SLS VL 58.31 (5.22) 58.75 (5.35)
LS VL 66.94 (4.99) 66.88 (4.94)
UST VL 73.88 (4.77) 73.44 (4.77)
LST VL 74.69 (4.57) 73.31 (4.76)
LI VL 82.38 (4.88) 80.00 (5.11)
ILS VL 94.56 (6.13) 92.50 (5.67)
PGS VL 111.31 (6.49) 111.00 (6.16)
MES VL 124.31 (7.01) 124.25 (6.65)
** P< 0.01. VLZ vertical distance of the landmark to the horizonta
groups indicates the landmarks were located above the horizontal retest occurred for all variables possessing significant inac-
curacies in the vertical direction.
Superimposition of the mean plots of the ceph-1, ceph-2,
and photo-2 groups is demonstrated in Fig. 3. Post-surgical
changes were notable in both skeletal features and the
facial profile. Identical outlines of the nasal tip between
the predicted and actual profiles were shown. However, the
prediction tended to place the nasal base lower than its
actual position by around 1.00 mm. A comparison between
the ceph-1 and ceph-2 groups revealed that the post-
operative nasal base moved horizontally without obvious
vertical changes. In the upper lip, the prediction presented
nearly an identical position to the actual position. In the
lower lip, horizontal changes were well predicted. However,
the planned position in the vertical direction tended to beers (nZ 16).
) II Mean difference I e II mean (S.D.) III P
0.06 (1.48) 0.868
0.13 (2.29) 0.835
0.81 (1.51) 0.054
1.00 (1.70) 0.602
1.00 (1.17) 0.005**
1.06 (1.34) 0.008**
0.44 (2.09) 0.430
0.06 (3.21) 0.941
0.44 (1.62) 0.312
1.38 (1.82) 0.008**
2.38 (2.45) 0.001**
2.06 (2.43) 0.004**
0.31 (2.31) 0.608
0.06 (2.11) 0.910
l reference line; negative value of means in ceph-2 and photo-2
ference line.
Table 6 Two-dimensional assessment for accuracy of
profile predictiona (nZ 16).
Variables P
GS 0.4228
NS 0.0002***
MNS 0.1205
PRN 0.0135
Point 11 0.0099**
SBN 0.0316*
SLS 0.6389
LS 0.9897
UST 0.3937
LST 0.0221*
LI 0.0074**
ILS 0.0187*
PGS 0.6062
MES 0.6529
*** P< 0.001, ** P< 0.01, * P< 0.05.
a The discrepancy for NS resulted from the dissimilarity
between photographs and cephalograms over the NS region
(Hotelling T-square test).
Prediction accuracy of photocephalometry 143superior to the actual outcome. Mean discrepancies ranged
from 1.38 to 2.38 mm.Discussion
Most orthognathic patients wish to improve their facial
esthetics.1e4 The female-to-male ratio of orthognathic
patients has consistently remained around 2:1,31 and
women present a lower level of happiness with their den-
tofacial appearance.32 In addition, patients tend to be less
impressed by surgical outcomes than the medical profes-
sionals,33 and corrections of skeletal Class III patients with
bimaxillary surgery were rated to be the least accurately
predicted.20 The purpose of this study was to assess the
prediction accuracy of a photocephalometric method for
Class III adult female patients treated with bimaxillary
surgery.
The method utilized tracings of cephalograms and
photographs to predict changes in the post-surgical profile
by manipulating sectioned photographs of facial regions.5 It
is mandatory to assess the compatibility of facial profiles
between pre-planned photographs and pre-surgical cepha-
lograms, since inaccuracies can cause significant discrep-
ancies in subsequent predictions. In fact, this principle can
also be applied to computerized methods that apply
photographic images and cephalograms to predict surgical
outcomes. Photographs and cephalograms were found to be
comparable in this study by defining identical reference
parameters among the groups tested. In this study, the
facial outlines of the pre-planning photographs were also
confirmed to agree with those of cephalograms (Table 2,
Fig. 2).
The 16 skeletal Class III female patients from this study all
possessed significant discrepancies between the maxilla and
mandible (SANZ 78.31, SNBZ 82.14, and ANBZ3.83).
Linear measurements also confirmed the findings(AeNperpZ2.81 mm, PogeNperpZ 4.44 mm). The mean
value of the pre-surgical ANB angle in this study approached
the threshold level (4) of the ANB angle for Class III
malocclusion requiring orthognathic surgery.34 All female
patientswere treatedwith combinedmaxillary advancement
and mandibular setback. Mean values of the post-surgical
SNA (82.11), SNB (79.15), and ANB (2.97), and linear
measurements demonstrated significant improvements.
The pre-surgical mean of FMPA (30.03  6.70) indi-
cated an increased vertical dimension. The maxillary and
mandibular planes showed no significant changes after
surgery. However, the facial proportion (LFH/TFH) was
obviously reduced after surgery, and this was caused by the
reduction in LFH (4.43 4.6 mm), even though slopes of
the maxillary and mandibular planes did not notably
change. This indicated that the mandibular setback in
patients with a steep mandibular plane could have simul-
taneously reduced the lower facial height despite the fact
that vertical manipulation during surgery was not inten-
tionally incorporated.
Horizontal mean discrepancies of the predicted land-
marks were all within 0.7 mm, with the exception of UST,
LST, ILS, PGS, and MES, which ranged from 1.50e1.81 mm.
Although the mean differences did not approach the level of
significance, these data indicated large individual vari-
ability, especially in the lip stomion, lower lip, and chin.
Meanwhile, vertical changes in the landmarks showed
significant differences in the nasal base and lower lip (Tables
5,6, Fig. 3). The prediction for the nasal base tended to
locate Point 11 and SBN more inferior by 1.00 mm and
1.06 mm, respectively. For landmarks over the lower lip,
planning tended to locate LST, LI, and ILS more superior by
1.38 mm, 2.38 mm, and 2.06 mm, respectively. Similar large
individual variations also existed in predicting vertical
changes of the lower stomion, lip prominence, and inferior
labial sulcus. These findings demonstrate the inconsistencies
and difficulties with manual prediction, although the mean
values indicated that reasonable prediction accuracy was
achieved.
The Hotelling T-square test for multivariate hypothesis
testing29 was applied in this study to assess the two-
dimensional accuracy of predicted positions. Hotelling
T-square test paired mean differences in the horizontal and
vertical changes in a selected landmark, and the null
hypothesis that no difference existed in the two-dimensional
paired mean vectors was tested. Results revealed that mean
discrepancies occurred in Point 11, SBN, LST, LI, and ILS.
Mean differences in the paired format as (mean difference
horizontally and vertically; P value) were demonstrated as
follows: (1) nasal base: Point 11 (0.19 mm and 1.00 mm;
PZ 0.0099), SBN (0.13 mm and 1.06 mm; PZ 0.0316), and
(2) lower lip: LST (1.50 mm and 1.38 mm; PZ 0.0221), LI
(0.69 mm and 2.38 mm; PZ 0.0074), and ILS (1.50 mm
and 2.06 mm; PZ 0.0187).
Inaccuracy in one direction does not necessarily influ-
ence the accuracy in the other direction, as these two
mean vectors are independent. However, an inaccuracy in
a one-dimensional vector would affect the level of accu-
racy of the paired vectors. Compared to the one-
dimensional result, significant two-dimensional differ-
ences in our study all occurred in those landmarks pos-
sessing significant differences in the vertical direction. LST
144 S.-S. Lin et aland ILS presented obvious mean discrepancies in both
dimensions, despite only the vertical variables showing
significance. This indicates that prediction cannot guar-
antee two-dimensional accuracy if parameters from only
one dimension are taken into account.
Inaccuracies of the planned nasal base in the vertical
direction could have been caused by incorrect manipula-
tion of photographs over the nasal tip. Maxillary Le Fort I
advancement is believed to tip the nasal base forwards
and upwards. However, movement of the nasal tip did
not show a strong correlation with the underlying bony
change as was expected. The reasons could include the
following:
(1) Applying the SBN-to-ANS ratio in the vertical direction
for prediction was demonstrated to be unfeasible. Its
correlation coefficient and the adjusted coefficient of
determination were quite weak (0.394% and 9.9%,
respectively).35 Its poor correlation and limited ratio
could have been caused by destruction of the blurred
ANS landmark during Le Fort I surgery.36
(2) Firm attachment of the SBN over the maxilla and nasal
base prevents them from moving proportionally with
corresponding hard-tissue movement.37
Operators might directly simulate the effect of a Le
Fort I osteotomy by making a small wedge-cut on the
planning photograph to move the nasal tip upward and
forward. This is intended to keep the nasal contour intact,
but unexpectedly brings the nasal base slightly downward.
It was very likely opposite to the actual vertical response of
the nasal base to surgical maxillary advancement and
partially contributed to the discrepancy.
Multiple factors could have contributed to the vertical
discrepancy of the lower lip in this study:
(1) Skeletal Class III patients tend to present incompetent
lips once orthodontic decompensation is achieved.
During planning, operators are inclined to reduce the
notable interlabial gap by manipulating the lower lip on
photographs as more superior to match the upper lip,
which is planned to move forward to simulate the
movement brought about by maxillary advancement.
This may be overcorrected in terms of eliminating the
interlabial gap on a non-elastic photograph.
(2) Photographic planning provides neither details of
dynamic changes of lip dimension nor occlusal features,
as accurately as dental casts. Any two-dimensional
movement of hard tissues relative to the occlusal
plane cannot be precisely monitored on photographs or
by computerized imaging.
(3) Operators tend to focus on horizontal changes but may
ignore simultaneous vertical changes (Fig. 3). In addi-
tion, more artistic manipulation might be employed in
order to mask a cutting gap defect during planning so
that an intact facial profile is presented on photo-
graphs. This would result in an obvious discrepancy
between the predicted and actual profiles.
(4) Weaker vertical correlation coefficients and various
vertical ratios of soft- to hard-tissue movements also
contribute to the difficulty and inaccuracy of
predictions.35The significant mean differences of predictions in this
report ranged from 1.0 to 2.38 mm. These results were
comparable with recently reported data for computerized
methods.22,38,39 However, individual variabilities in predict-
ing the lower lip and chin were notable when compared to
some computerized methods. These could have been caused
by varied artistic skills when operators applied the photo-
cephalometric method. The difficulty of manipulating non-
elastic segments of photographs may also have contributed
to large individual variations over the upper and lower lips.
The accuracy of computerized predictions has been
investigated, but the results were not promising.16e22,38,39
Although mean discrepancies were mostly reported to be
within 2 mm (range 0.1e3.8 mm), some programs tended to
over- or underestimate positions of predicted landmarks.
The largest variability was observed mostly in the vertical
direction, particularly in the lower lip,16,22,38,39 but the
upper lip and nasolabial region were also reported to be
less consistently predicted.16,17,38
Factors inducing inconsistencies in computerized
predictions may be very similar to those that influence
inconsistencies with manual methods. The function and
prediction accuracy of computerized programs rely on how
they are designed. Data utilized for predictions are mostly
derived from ratios of soft- to hard-tissue movements in
landmark-to-landmark patterns. This point-to-point
pattern simply reveals corresponding linear changes in
landmark positions. It demonstrates few details of differ-
ential dynamic changes of soft-tissue profiles with different
thicknesses.40 In our study, 23 soft-tissue landmarks were
set up over the region between the nasal tip and chin. This
was designed to present details of the predicted profile and
surgical changes (Fig. 3). To study dynamic changes of the
lips and chin caused by two-jaw surgery would require
incorporating more intermediate landmarks and assessing
their two-dimensional changes.
Meanwhile, ratios of vertical changes in the lower lip
and chin have been reported to show substantial variability
and low correlations.35,41 In particular, the response of the
lower lip to hard-tissue changes remains relatively incon-
sistent.28,42 The highest correlations of soft- to hard-tissue
movements in the vertical direction do not necessarily
occur with corresponding landmarks.35 Weak or irrelevant
correlations between soft- and hard-tissue movements are
an inevitable issue. Variability in the resulting soft-tissue
profile was only slightly improved by the current manual
and computerized prediction methods.
Another condition influencing the prediction accuracy is
whether the planned surgical movements were complied. It
has been demonstrated that the success rate in achieving
desirable surgical movements was inadequate in both the
horizontal and vertical directions.43 Vertical movements
can be completely opposite to the planned direction.
Therefore, it should be compulsory to evaluate prudently if
the actual skeletal movement agrees with the pre-planning
surgical correction, so that further evaluation of the
prediction accuracy is properly concluded. One of the
criteria for case selection in this study was that the surgical
treatment had to be in compliance with surgical planning.
This eliminates potential prediction discrepancies caused
by disagreement between the pre-planning surgical
correction and actual skeletal movement.
Prediction accuracy of photocephalometry 145In conclusion, this study was conducted to assess the
accuracy of a photocephalometric method for predicting
surgical outcomes in a sample of 16 skeletal Class III
female patients treated with two-jaw surgery. Accura-
cies of the facial profile in the pre-planning photo-
graphs and surgical predictions were estimated. Results
confirmed the compatibility of pre-planning photographsAppendix 1 The ratios of soft to hard tissue movements in the horizo
Soft tissue (S) Hard tissue (H)
Horizontal variables
PRN ANS
SBN Point A
SLS Point A
LS Point A
UST U1E
LST L1E
LI L1E
ILS Point B
PGS Pog
MES Me
Vertical variables
PRN ANS
SBN ANS
SLS U1E
LS U1E
UST U1E
LST L1E
LI L1E
ILS L1E
PGS Me
MES Me
S:HZ ratio of soft tissue to hard tissue.
a Modified ratios were used in the clinical evaluation.
b The values of r and R2(adj) indicate the correlation coefficient an
Appendix 2 Abbreviations and definitions of the landmarks.25
I. Landmarks on the soft tissue profile
(1) GS (glabella) The most anterior point on the s
(2) Point 2 The mid-point between glabella
(3) NS (nasion) The most concave point of the s
(4) H (high-nose point) The intersection point of upper
(5) Point 5 The intermediate point between
(6) MNS (mid-nose) The mid-point between h-nose a
(7) Point 7 The intermediate point of trisec
(8) Point 8 The intermediate point located
(9) PRN (pronasale) The most anterior, inferior point
connecting with chin profile.
(10) Point 10 The intermediate point on the c
subnasale.
(11) Point 11 The mid-point on the columella
(12) Point 12 The intermediate point on the c
pronasale.with pre-surgical cephalograms. Predictions of all hori-
zontal and vertical variables of the upper lip were
generally accurate. Prediction inaccuracies tended to
occur in the vertical direction of the nasal base and
lower lip. Factors contributing to prediction inaccuracies
in this study included difficulties with photographic
manipulations and weak correlations between hardntal and vertical directions.a
S:H r b R2(adj)b (%)
0.35:1 0.629 35.5
0.64:1 0.690 44.1
0.76:1 0.837 68.1
0.82:1 0.796 60.9
0.82:1 0.747 52.8
0.90:1 0.891 77.9
1.00:1 0.956 90.9
1.00:1 0.991 98.2
1.00:1 0.992 98.3
1.00:1 0.999 99.8
0.16:1 0.251 00.0
0.16:1 0.394 09.9
0.40:1 0.653 42.6
0.60:1 0.745 52.6
0.44:1 0.644 37.6
0.92:1 0.831 66.9
0.88:1 0.876 75.3
1.00:1 0.851 70.6
1.00:1 0.810 63.3
0.96:1 0.989 97.7
d the adjusted coefficient of determination, respectively.25
oft tissue forehead.
and nasion.
oft tissue outline of the bridge of the nose.
nose outline and the vertical line drawn through glabella.
h-nose and mid-nose.
nd pronasale.
ted distance from mid-nose to pronasale.
at trisected distance from pronasale to mid-nose.
on the nose tip at which intersects by a tangent line
olumella located at the trisected distance from nose tip to
from pronasale to subnasale.
olumella located at trisected distance from subnasale to
(continued on next page)
Appendix 2 (continued)
(13) SBN (subnasale) The point at which the columella merges with the upper cutaneous lip.
(14) SLS (superior labial sulcus) The most posterior point on the concavity between the upper lip and nose.
(15) Point 15 The mid-point in the concavity between superior labial sulcus and labrale superius.
(16) LS (labrale superius) The most anterior point on the convexity of the upper lip.
(17) Point 17 The mid-point on the convexity of the upper lip between labrale superius and upper stomion.
(18) UST (upper stomion) The most inferior point of the anterior portion of the upper lip when the patient presents
incompetent lips, or the point of the upper lip at which it merges with the lower lip when the
patient presents competent lips.
(19) LST (lower stomion) The most superior point of the anterior portion of the lower lip when the patient presents
incompetent lips, or the point of the lower lip at which it merges with the upper lip when the
patient presents competent lips.
(20) Point 20 The mid-point on the convexity of the lower lip between lower stomion and labrale inferius.
(21) LS (labrale inferius) The most anterior point on the convexity of the lower lip.
(22) Point 22 The mid-point on the curvature between labrale inferius and inferior labial sulcus.
(23) ILS (inferior labial sulcus) The most posterior point on the concavity between the lower lip and chin.
(24) Point 24 The intermediate point on the curvature located at quarter distance from inferior labial sulcus
to soft tissue pogonion.
(25) Point 25 The mid-point on the curvature between inferior labial sulcus and soft tissue pogonion.
(26) Point 26 The intermediate point on the curvature located at quarter distance from soft tissue pogonion
to inferior labial sulcus.
(27) PGS (soft tissue pogonion) The most anterior point on the convexity of the soft tissue chin.
(28) Point 28 The intermediate point on the curvature located at quarter distance from soft tissue pogonion
to soft tissue menton.
(29) GNS (soft tissue gnathion) The most everted point of the soft tissue chin; this is obtained by locating the mid-point on the
curvature between soft tissue pogonion and menton.
(30) Point 30 The intermediate point on the curvature located at quarter distance from soft tissue menton
to pogonion.
(31) MES (soft tissue menton) The most inferior point of the soft tissue outline of chin.
II. Skeletal and dental landmarks
(32) N (nasion) The most anterior point of the nasofrontal suture in the median plane. This has been identified
as the position where the nasion marking-pin hole is located.
(33) S (sella) The center point of the hypophysial fossa. This has been defined as the place at which the sella
marking-pin hole is located.
(34) Or (orbitale) The lowest point on the average of the right and left orbital margins.
(35) Po (porion) The most superior point on the average of bony external acoustic meatus. The soft tissue
portion is used to define the most superior point of external acoustic meatus on photograph.
(36) Cd (condylion) Themost superior, posterior point of the average of the right and left outlines of condylar heads.
(37) ANS (anterior nasal spine) The tip of the bony anterior nasal spine in the median plane.
(38) PNS (posterior nasal spine) The point of intersection of a continuation of the anterior wall of pterygopalatine fossa and the
floor of the nose. This point marks the dorsal limit of the maxilla.
(39) Point A (subspinale) The deepest midline point in the curved bony outline from the base to the alveolar process of
the maxilla.
(40) U1E (incisor superius) The tip of the crown of the most anterior maxillary central incisor.
(41) U1A (apex of upper incisor) The root apex of the most anterior maxillary central incisor.
(42) L1E (incisor inferius) The tip of the crown of the most anterior mandibular central incisor.
(43) L1A (apex of lower incisor) The root apex of the most anterior mandibular central incisor.
(44) Point B (supramentale) The most posterior point in the outer contour of the mandibular process in the median plane.
(45) Pog (pogonion) The most anterior point of the bony chin in the median plane.
(46) Gn (gnathion) The mid-point between the most anterior and the most inferior point of the chin with the aid of
the intersection of the facial and mandibular plane.
(47) Me (menton) The most caudal point in the outline of the symphysis.
(48) Go (gonion) The point of the intersection of the lines tangent to the posterior marginal of ascending ramus
and the mandibular base.
(49) Ar (Articulare) The point of the intersection of the posterior margin of the ascending ramus and the outer
margin of the cranial base.
III. Constructed reference points
(50) RN (reference nasion) The point of the intersection of the horizontal reference line and the perpendicular line drawn
through bony nasion.
(51) RS (reference sella) The point on the horizontal reference line and locating at 50 mm dorsal to sella.
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